Loss of roost sites in buildings represents the major threat to Myotis myotis populations in the Czech Republic. To identify features that may determine roost selection by M. myotis, we compared a range of structural and habitat variables for 17 maternity roosts and 17 unoccupied, but potentially suitable, buildings in the Moravian Karst (Czech Republic). Roosts and control sites were mainly in churches and chateaus and all were detached from the surrounding buildings and uninsulated. The only difference between habitat surrounding roost and control buildings was that roost buildings had relatively lower amounts of hedges as linear connective features. Our results suggest that bats do not select building features from among suitable detached and uninsulated churches and chateaus and that bats tend to select building roosts that are not connected to woodland by hedges. Protection of roosts is an important conservation issue for female M. myotis and suitable roost sites such as detached and uninsulated buildings that are not connected to woodland by hedges are important maternity roosting resources.
During the summer, female greater mouse-eared bats (Myotis myotis) form nursery colonies, where they give birth and nurse their offspring. In the southern part of their European range, nurseries are found in underground cave roosts (Pandurska 1998; Benda et al. 2003; Rodrigues et al. 2003) . In Central Europe, however, nursery colonies are typically found in buildings, especially those with large roof spaces such as church attics and castles (Horáček 1981; Gebhard and Ott 1985; Gaisler et al. 1988 Gaisler et al. , 1990 Bilo 1990; Rudolph and Liegl 1990; Zahn 1999; Pokorný et al. 2003; Hanák and Anděra 2006) .
Alterations to roost sites in buildings (mainly due to reconstruction of roof and attic spaces) can affect the survival of local bat populations (Hutson et al. 2001 ) and has been recognized as one of the major threats to M. myotis populations in the Czech Republic (Horáček and Uhrin 2010) . The widespread use of buildings by bats in Central Europe and the increasing number of human-bat interactions suggest that an improved understanding of roost characteristics required by female M. myotis during the reproductive period is necessary for their conservation. Moreover, M. myotis is the European bat species with the highest white nose syndrome (WNS) prevalence (Pikula et al. 2012; Wibbelt et al. 2013 ) and maternity roosts should play an important role in WNS transmission (Puechmaille et al. 2011) .
The availability of suitable roosting sites is a key factor in determining the distribution and limiting population size of bat species (Humphrey and Cope 1976) . Various features may have an important role in the selection and use of a building roost site by bats. This may include specific structural attributes of buildings, such as number of exit points (Williams and Brittingham 1997) , exit point size and height from the ground (Neubaum et al. 2007) , the microclimate within the roost (Zahn 1999) , an absence of insulation (Moussy 2011) , as well as surrounding habitat characteristics and proximity of suitable foraging areas (Tuttle 1976) , distance to similar roosts (Neubaum et al. 2007 ), level of disturbance (Rudolph and Liegl 1990) , and/or risk of predation (Jenkins et al. 1998; Petrželková and Zukal 2003) . As such factors have a key role in understanding the biology of M. myotis, it is important to assess the extent to which selection of roost sites depends upon w w w . m a m m a l o g y . o r g 1011 characteristics of the buildings themselves or those of the adjacent landscape.
Several previous studies have investigated features of roosts occupied by female M. myotis (Stutz and Haffner 1983-1984; Rudolph and Liegl 1990; Zahn et al. 2006) , but none has compared occupied and unoccupied buildings. The goal of this study was to investigate roosting preferences of female M. myotis by comparing construction features and local habitat characteristics at occupied and unoccupied buildings. We hypothesized that female M. myotis are selective in their choice of roost site. Although M. myotis have been widely reported as using spacious church attics and castles, we predicted that it is not just the type of building that is important but also its construction and location (a combination of the habitat features around the building). Specifically, we investigated which variables distinguish between occupied and unoccupied buildings.
MATERIALS AND METHODS
Study area.-This study was undertaken in the Moravian Karst Protected Landscape Area and its surroundings, the largest karst region of the Czech Republic, which contains more than 1,000 natural limestone caves, many including hibernacula. We surveyed an area of 2,826 km 2 within a radius of 30 km around the Kateřinská Cave (49821 0 N, 16842 0 E), one of the most important bat hibernacula in the region (Zima et al. 1994) . The study area was comprised mainly of arable land 42.5%; other cultivation patterns, pastures, and shrubs 10.1%; coniferous woodland 18.5%; mixed woodland 13.3%; broadleaved woodland 6.6%, and artificial (urbanized) areas 8.6% (Fig. 1) .
Methods.-Between May and August 2001, we checked 187 buildings of various types within a radius of 30 km around the Kateřinská Cave for occurrence of bat colonies. The 187 buildings were selected because they appeared suitable for M. myotis maternity colonies, and were comprised of 143 churches, 23 chateaus, and 21 other building types. We identified 17 maternity roosts of M. myotis (Fig. 1) . Ten of these were found during our survey and 7 were known before 2001 (Pokorný et al. 2003) . During the maternity season (between 14 May and 12 June) in 2002, we visited the roosts and control buildings again to confirm continued presence/ absence of the bats and to assess approximate colony size.
We then randomly selected 17 buildings from the 170 that we surveyed but in which we found no bats. We measured a suite of structural attributes and surrounding habitat of the buildings. All variables we measured are listed in Table 1 . Building characteristics were measured on site during the checks in 2002. Habitat characteristics were measured using a combination of CORINE land cover (c.f. Bossard et al. 2000) and aerial photographs and geographic information system (GIS) software ArcGIS (ESRI 2010) .
Statistical analysis.-We examined differences in the frequency of structural variables between roost and control buildings using contingency tables. We used Spearman's correlation coefficient to assess the relationship between colony size and habitat variables for the 17 roost sites. To obtain a better understanding of multidimensionality in the adjacent habitat data, we carried out principal components analysis on the standardized habitat characteristics. To avoid pseudoreplication, 2 of the control buildings were eliminated from the habitat analysis as they were close to known roosts. Statistical differences between the roosts and control sites were assessed by comparing the values of the principal components (PC1-PC4) using the Mann-Whitney U-test and the F-test (to compare standard deviations of roost and control buildingsManly 1994; Di Ciaccio 2012). We performed post hoc comparisons on any variables that had high weights (. 0.4) on significantly different PC axes using a Mann-Whitney U-test with Bonferroni adjustment (P 0.01). All statistical analyses were undertaken using STATISTICA 12 (StatSoft, Inc. 2013).
RESULTS
We recorded 3,962 M. myotis individuals at 15 localities between 14 May and 12 June 2002. At 2 roosts, bats could not be counted accurately as they were inaccessible (Ř ečkovice-estimated at 20 individuals; Plumlov-estimation impossible due to presence of fissures in which bats were hidden). Of the 17 sites included in the survey, 5 colonies (including Plumlov) were classified as small (n , 100 adults), 6 as medium (n ¼ 101-300 adults), and 6 as large (n . 300 adults).
Nine of the roosts were in churches, 7 in chateaus, and 1 in an old parish house. Roosting sites were usually located in lofts (76.5%). Three sites were in church towers, and in 1 roost bats were found hidden in fissures in the wall inside the building. Thirteen of the control buildings were churches, 3 chateaus, and 1 school. All buildings were detached, with most of them (roosts 88.2%, controls 64.7%) being higher than the surrounding houses and uninhabited (both roosts and controls 88.2%). During the last 10 years, 64.7% of roost buildings and 41.2% of control buildings were reconstructed. The roofs of 50.0% of the 14 occupied buildings (3 church towers not included) had their broad sides oriented east-west, 28.6% north-south, and 7.1% northwest-southeast. The roofs of 70.6% of controls were oriented east-west and 17.6% northeast-southwest. The roofs of 14.3% of the roost buildings and 11.8% of controls were dome shaped with no orientation. The most common roof construction materials were ceramic tiles (roosts 64.7%, controls 82.4%) and metal (roosts 29.4%). Roof spaces of all buildings were uninsulated. The space available under the roof was higher than 5 m in 64.3% of roosts and 64.7% of controls. There were no significant differences in structural features between roosts and control buildings ( Table  2) . The first 4 PCs accounted for 75.84% of total variance in the habitat data set (Table 3) . PC1 was positively associated with percent cover of arable land and distance to woodland, and was negatively associated with percent cover of coniferous woodland, other cultivation, pastures and shrubs, and broadleaved and mixed woodland. PC2 was positively associated with the percent cover of artificial areas and the percent cover of broad-leaved and mixed woodland, and was negatively associated with percent cover of coniferous woodland, percent cover of arable land, and the percentage of hedges in the linear landscape features. PC3 was positively associated with percent cover of arable land, and was negatively associated with percent cover of artificial areas and percent cover of other cultivation, pastures, and shrubs within a 3.5-km radius, and distance to open water. PC4 was positively associated with percent cover of broad-leaved and mixed woodland and was negatively associated with percentage of trees in the linear landscape features.
The only PC axis that differed between roost and control buildings was PC2 (Table 3) . When comparing roost and control buildings for variables that had high PC loadings, we found no difference for the percent cover of artificial areas (z ¼ À0.680, P ¼ 0.497), percent cover of broad-leaved and mixed woodland (z ¼À0.944, P ¼ 0.345), percent cover of coniferous woodland (z ¼ 1.038, P ¼ 0.299), or percent cover of arable land (z ¼ À0.566, P ¼ 0.571). The only difference we found was that percentage of hedges in the linear landscape elements connecting the building to the nearest woodland was lower for roost buildings than for control buildings (z ¼ À2.720, P ¼ 0.007; roosts: median ¼ 0%, range 0-16.4%, controls: median ¼ 10.2%, range 0-37.8%). In addition, the standard deviation differed between roosts and control buildings for PC2 and PC4. Control buildings were more variable than roost buildings on PC2, whereas the opposite was true for PC4 (Table 3) . Post hoc F-tests on variables that had high PC2 loadings showed that controls were more variable in the percent cover of artificial areas (F 14,16 ¼ 4.843, P ¼ 0.004) and the percentage of hedges as linear landscape features (F 14,16 ¼ 6.533, P ¼ 0.001). We found no difference between roosts and controls when comparing individual variables that had high PC4 loadings with F-tests: percent cover of broad-leaved and mixed woodland (F 16,14 ¼ 2.050, P ¼ 0.184) and percentage of trees as linear landscape features (F 16,14 ¼ 1.430, P ¼ 0.507).
We found no significant relationship between colony size and habitat variables at any of the 17 roosts (Spearman's rank correlation; Table 4 ).
DISCUSSION
In general, the features of buildings containing M. myotis maternity colonies in our study were consistent with the results of previous studies (Stutz and Haffner 1983-1984; Rudolph and Liegl 1990; Rodrigues et al. 2003; Zahn et al. 2006) . It is likely that the preference shown for spacious attics in uninhabited buildings (e.g., castles and churches) and church towers is connected with an absence of human disturbance (Rudolph and Liegl 1990) . However, it may also be that inhabited buildings are usually kept in a better state of repair and lack suitable access points (Schofield 1996) . Further, the larger space and height of attics probably offer wider temperature gradients and bats may take advantage of a variety of temperatures by moving within the attic (Humphrey and Cope 1976; Zahn and Henatsch 1998; Zahn 1999; Rodrigues et al. 2003) . Although prevailing southerly roof exposures may be an artifact of the typical construction method of churches (i.e., east-west alignment), they may also influence temperatures in the roof space during the day, and help to retain heat, which benefits bats during the reproduction period. Indeed, high average roost temperatures are known to favor juvenile development (Zahn 1999) and survival (Audet 1990) , with larger juvenile M. myotis at the end of summer having a higher survival rate over the winter. Analyses of building variables provided no support for our hypothesis on the role of building structure in the selection of roost site. However, the absence of any difference between buildings containing maternity colonies and those unoccupied does not necessarily mean that M. myotis were not selective in their choice of roost site with respect to the structural attributes of the building. As we focused on M. myotis maternity roosts, our study was biased toward looking for certain types of buildings that were potentially suitable for nursery colonies. Consequently, the control sample probably also contains buildings that are available to bats as potential roosts in terms of the construction features monitored. This preselection makes statistical differences between roosts and controls difficult to detect.
However, not all potential roost sites may be suitable for long-term use by bats. Rates of survival and fecundity of bats using unsuitable sites may be inadequate to sustain a viable population (Brigham and Fenton 1986) . Intensive roost investigation in the area under study revealed that 50.5% of 222 building roof spaces contained live bats (individuals or colonies) or fresh bat droppings (indicating that the building is accessible to bats and sometimes used by them) of 9 bat species, though only 7.7% of buildings were occupied by M. myotis nursery colonies (Pokorný et al. 2003) . The rest were solitary males, individuals, or colonies of other species, or fresh droppings. In Germany, M. myotis roosts were found in 83% of 360 buildings investigated (churches and castles) in an area of 4,000 km 2 ; however, nursery colonies were only found at 22 locations (6.1%), the rest being roosts of solitary males (Zahn et al. 2006) . In addition to male roosts, the other buildings might also represent alternative roosts, or suboptimal roosts inaccessible as M. myotis nursery colonies. A limiting factor for nursery colonies could potentially be the number or size of exit points (Neubaum et al. 2007; Williams and Brittingham 1997) , which is difficult to assess in an unoccupied building, as we cannot observe bats using them.
Analyses of habitat variables provided limited support for our hypothesis on the role of surrounding habitat in the selection of roost site, suggesting that building occupation is unlikely to be random. Relative to controls, roost sites were only associated with a lower percentage of hedges as linear landscape features. In addition, this result is limited because PC2 explains only 18% of the variation in the multidimensional data set. Several studies have shown an importance of linear vegetation features and habitat continuity to bats (Limpens and Kapteyn 1991; Walsh and Harris 1996; Jenkins et al. 1998; Downs and Racey 2006; Moussy 2011) . Studies that make a distinction between hedgerows and tree lines find positive associations with tree lines more often than with hedgerows, and suggest that landscape context may influence the use of hedgerows (Walsh and Harris 1996; Downs and Racey 2006) . The strength of association between bats and linear features varies among species (Boughey et al. 2011 ). Tree lines probably provide more benefits to the bats than other linear elements. Apart from facilitating the orientation of bats, they are associated with high insect densities and appear to have a role in feeding in some species (Limpens and Kapteyn 1991; Downs and Racey 2006) . Trees provide protection against wind and may provide cover from predators and allow bats to emerge earlier, thus prolonging evening foraging time and efficiency (Entwistle et al. 1996; Jenkins et al. 1998) . The linear elements with relatively higher percentage of shrubs connecting unoccupied control buildings to the nearest woodland could probably not provide sufficient cover from aerial predators and/or wind during commuting to foraging areas. Controls were also more variable in the percentage of hedges as linear landscape features. However, when interpreting the biological importance of this variable for M. myotis we should take into account that the variable is interconnected with the percentage of trees in the linear element connecting the building to the nearest woodland, although the higher percentage of trees connecting roosts was not statistically significant, and the median values of the percentage of hedges for both roosts and controls were very low (representing 0.0% and 10.2%, respectively, of the length of the linear element connecting the building to the nearest woodland).
Despite differences in foraging strategies, woodland habitat is an important factor influencing roost selection and population density in many bat species (Walsh and Harris 1996; Entwistle et al. 1997; Moussy 2011) , including M. myotis (Zahn et al. 2006) . Zahn et al. (2006) found a correlation between M. myotis population density in southeastern Bavaria, Germany, and percent area of mixed forest within a 10-km radius of the roosts. Interestingly, we did not find any relationship between colony size and the percent cover of broad-leaved and mixed woodland, nor a selection of buildings with higher percent cover of broad-leaved and mixed woodland within a 3.5-km radius. Arlettaz (1996) , however, characterized M. myotis as an opportunistic predator that maximizes its average rate of food intake by switching to habitats offering more abundant or profitable prey. The overall character of the surrounding landscape, as well as the way the land is managed (especially arable land), can have a strong influence on the distribution and abundance of preferred prey up to 3.2-8.7 km from the roost (average distance to foraging sites according to Drescher [2004] and Arlettaz [1995] ) and, therefore, may play a significant role in the selection of roost sites. The landscape surrounding maternity roosts in the study area is probably diversified to such an extent that it does not have a significant effect on the choice of roost sites. Furthermore, maternity roosts of M. myotis are generally interconnected and members of a given colony may for a short time use other roosts in the vicinity of their own roost (Horáček 1981; Zahn 1998) . What is more, they are capable of moving long distances (up to 25 km) from the nursery roost over a short period of time.
Maternity roost sites are critical to species persistence as they contain most of the adult females in a population and, presumably, all the young of the year (Threlfall et al. 2013) . The majority of buildings suitable for M. myotis nursery colonies in the study area are in need of structural repair and we are concerned that these roosts may soon disappear. Brigham and Fenton (1986) observed that, after eviction of Eptesicus fuscus from their maternity roosts, the bats were able to move short distances to new roosts but they then tended to produce fewer offspring. From the perspective of M. myotis conservation, therefore, significant changes to roost sites or exclusion of the colony from well-established roosts should be avoided.
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